We consider 2 neutrons and 2 protons in the g 9/2 shell.Wave functions and energy levels are obtained for various interactions. The wave functions for states with total angular momentum I greater or equal to 10 are not affected by what the pairing interacton (J=0 T=1) is.Other parts of the interaction are therefore of increased importance.
Introduction
In 1964, McCullen et al. [1] (MBZ) included detailed wavefunctions in the f 7/2 shell in their paper and an accompanied technical report. At that time the spectrum of the J=0 pairing Hamiltonian was well studied. For the lowest state of 44 Ti with this interaction the coefficients are: However MBZ obtained quite different coefficients with C(0, 0) smaller and C(2, 2) bigger. The wavefunction coefficients in an updated version of MBZ by Escuderos et al. [2] are: C(0, 0) = 0.7878, C(2, 2) = 0.5615, C(4, 4) = 0.2208, C(6, 6) = 0.1234.
Whereas the (J=0 T=1) pairing interaction focuses on particles of one kind, with a system of both protons and neutrons one can have isospin T=0 interactions and the ones with J=1
+ and J=J max (= 7) lie low.
For 2 protons and 2 neutrons in the g 9/2 shell, a remarkably similar wavefuction structure was obtained by the Swedish group [3] . The coefficients are: C(0, 0) = 0.76, C(2, 2) = 0.57, C(4, 4) = 0.24, C(6, 6) = 0.13, and C(8, 8) = 0.14.
History repeats itself. They however developed the conseqences of J max pairing more sharply than was done in the past.
In a recent paper on maximum J pairing, Zamick and Escuderos [4] made a comparison of spectra and wavefunctions of various schematic interactions with those of a more realistic interaction. Specifically they considered 2 proton holes and 2 neutron holes relative to doubly magic 100 Sn, i.e. 96 Cd. These were single j shell calculations in the g 9/2 shell. In particular, in Table VI of [1] , the authors compare overlaps of wavefunctions of two schematic interactions. We use the notation E(J) for an interaction in which all twobody matrix elements are zero except the one with angular momentum J. In [1] we have compared the overlaps of wavefunctions arising from matrix diagonalizations with E(9) and E(0, 9) = (E(0) + E(9)) with wavefunctions arising from the realistic interaction CCGI [2] represented by 10 matrix elements V (J) = (jj)
I |V |(jj) I , I=0,1,2,...,9. These are respectively -2.3170, -1.4880, -0.6670, -0.4400, -0.1000, -0.2710, 0.0660, -0.4040, 0.2100, and -1.4020.
It should be mentioned that in re. [1] Table VI , to an excellent approximation, the E(9) interaction for the wavefunctions of the lowest states were proportional to unitary 9j symbols ψ = N (jj)
with J p and J n both even and N aproximately 1/ √ 2.
Overlaps
In this section we will consider overlaps ψ, ψ CCGI . Let us somewhat arbritarily say that anything greater than 0.9 is a good overlap. When we use the E(9) interaction, we get good overlaps for the lowest energy states with I = 0, 2, and 4. We get bad overlaps for I = 6, 8, and 10, the values being 0.6795, 0.2375, and 0.6860 respectively. For I = 12, 14, and 16, we again get good overlaps. When we use the E(0, 9) interaction we get still good overlaps for I = 1, 2, 3, and 4 but in addition we get good overlaps for I = 6 and 8, the latter two being 0.9361 and 0.9858. That is to say equal attraction in The J=0 and J=J max channels cures the problem that is present when the only interaction is in the J=9 channel. It should be noted however that when we switch from E(9) to E(0, 9) there is no change in the overlaps for I = 10, 12, 14, and 16. This is easy to understand. For these high angular momentum states there cannot be a pair of nucleons coupled to angular momentum zero, because the maximum angular momentum of the other two nucleons in the g 9/2 shell is 9.
This leaves I = 10 as a special state, still with a bad overlap of 0.6860. Clearly, since J=0 pairing is out of the picture, this state will be more sensitive to other parts of the interaction. We therefore consider E(1, 9) = [E(1) + E(9)], E(2, 9) = 1/2E(2) + E(9) as well as E(1, 2, 9)E(1) + 1/2E(2) + E(9). We take all the interactions to be attractive (negative). We get the following overlaps for I = 10: 
Note that E(2, 9) and E(1, 9), although quite different interactions, give almost the same overlaps. This means it is dangerous to determine the parameters of an interaction solely on the basis of overlaps. We get the best overlap by lowering all 3 matrix elements, J=1, 2, and 9. This agrees qualitatively with the CCGI interaction [2] .
Concerning the highest angular momentum state, I =16, this is a unique state so it is not surprising that the overlap with any interaction is one. What about I = 12 and14? We not that for these not only does E(0) not enter but also E(2) (2+9 =11). The fact that E(0) and E(2) do not enter is clealy shown in Fig.  1 of the work of Qi [3] . Related works by the' "Swedish group" are here also cited [3, 4, 5, 6] as well as the almost-Swedish group [7] .
Seniority arguments have been presented for the 8 + state by Fu, et al. [8, 9] and the "Swedish group" [4] . They note this state is not well described as [9 9] 8 , i.e. 2 pairs of neutrons and protons each coupled to spin 9, but rather as seniority 2 state [8 0] and [0 8]. Here in the first term we have 2 protons coupled to 8 + and 2 neutrons to 0 + , etc. For CCGI, the pobability of these 2 conffigurations is 66%.
3 Overlaps of E (9) with U 9j
In the following tables, we present overlaps of wavefuntions for the E(9) interaction and the column vectors of the U 9j interaction properly normalized. Here U 9j = (jj) 9 (jj) JB |(jj) JP (jj) JN I . We see that with J B = J max = 9, we get overlaps very close to one for the lowest states for all even I. For I = 2, there are very strong overlaps for the first two states with associations J B = 9 and 7 respectively.
We give special attention to I = 4. Beyond the lowest I = 4 state there are two nearly degenerate states at 3.028 MeV and 3.072 MeV. The overlaps are 0.626255 and 0.786196 for the lowest state corresponding to J B = 7 and J B = 5, respectively, and -0.779731 and 0.617937 for the upper state. However, we can take linear combinations of the two eigenstates of the E(9) interaction α|1 + β|2 and −β|1 + α|2 such that the overlaps are very close to one with the first state associated with J B = 7 and the second with J B = 5. The coefficients α and β are obtained as follows:
Let a = |1 be the first E(9) eigenstate, b = |2 be the second, and U be the U9j column vector for a given value of J B . We use the Lagrange Multipliers method to maximize the function f (α, β) = (α a + β b) · U with the constraint g(α, β) = α 2 + β 2 = 1. This method gives the extrema of f with constraint g as solutions to ∇f = λ∇g for some real constant λ. Using this method, we find
Note that m is simply the ratio of the overlaps. Note that we assign isospin quantum numbers to the states in the appendix. We can do this because the E(9) interaction and indeed all the interactions considered here are charge independent.
It should be noted that with the E(0) interaction, the T = 0 ground state cannot be 100% (J p , J n ) = (0, 0) [2] . This is because the unique T = 2 states must have substational amount of this configuration. Recent work by K. Neergaard 
Conclusions
In this simplified model, we find a priori the surprising behavior that overlaps of the E(9) interaction with realistic interactions exceed the 0.9 limit for low angular momenta (I = 0, 2, 4), are well below the 0.9 limit for intermediate I (6,8,10 ), but again exceed this limit for large I (12,14 and 16). Introducing E(0, 9) cures the problem for I = 6 and 8 but not for I = 10. For I = 10, the details of the J=2 matrix element become super imprortant (quadrupole pairing), but J=2 does not affect I = 12, 14, and 16.
It should be cautioned that overlaps can be deceptive. For example, for I = 0, the overlap with E(9) is 94.5% [1] , but the spectrum is such that the J=16 + state is the ground state. It is 1.06 MeV below the lowest I = 0 + state. With E(1, 9), E(2, 9) and E(1, 2, 9), we get a reversal with I = 16 + above I = 0 + . The respecive values are 0.920,3.332 and 4.947 MeV. We of course know that all even-even nuclei have I = 0 + ground states. Indeed with the realistic CCGI interaction [2] , the I = 16
+ state is at an excitation energy of 5.244 MeV (above the I = 0 + ground state) [1] . What are the manifestations of J max pairing or more generally of the proton-neutron interaction? This is most easily discussed by considering a system of 2 protons and 2 neutrons described by a wavefunction
. This is actually an old story.
The values of C(J, J) for various schematic interactions in the g 9/2 shell are here given as well as the I = 16 + − I = 0 + splitting (in square brackets). 
Appendices
Overlaps for even I and odd J B (T = 0): 
